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WIND-TUNNEL TESTS OF A SUBMERGED-ENGINE FUSELAGE DESIGN

. Qy John ¥V, Becker and Donald D. Baals
SUMMARY

Teots were conducted in the 8-font high-speed wind
tunnel of a 1/5-gscale-model pursult-type fuselage with a
practioable internal dunet arrangement deglgned to meet nll
of the alr requirements of a 1000-horsepower radial enzine
submeried at the maximum section, A4ir inlet openings at
the nnse nnd outlet npenings at the sides and at the tall
wera invegtisated. The internal-flow characteriastles were
determined and draf force and pressure-distribution data
obtalned,

A

The rosults showed that the required internal flow
can_ be obtnined with nesligidle ductingk lossos provided
that basic vrinciples are observed in designing the z2ir
passngaes, The dras increases measured with lnternal flow
woereo legss thnn the drag due to the internal losses; 1l.e.,
the effects nof nlir inlet and outlet on the oxternal flow
wore beneficianl.

Tho over—-all drag nf the best arrancement tested with-
out slmulated enzine resistance, but with adequate intor-
nal flow for the ongine regquireoments at 400 miles per hour,
wvas loes than the dra€ of a streamline body of slmilar sige.
The maximum local-velocity increments over the noses of
the models were low; therefore, the critical-compressibll~
1ty speed of the fuselage would ba determined by thse cock-
pit fairing or the winz-fuselags Juncture.

INTRODUCTIOR

The optimum pursuilt-tyve fuselage desisn from an aero-
dynanmic polnt of view rust have a nower-plant installa-
tion which does not necessitate appnreciable departures
from an l1deelly streamline form. The location of the en-
gine in such a fuselage would bYe pear the rwaximum cross
section, and an extension ghaft drive to a tractor or
pusher provsller, or to two propellers on the wing would
be necessary. In addition ta the mechanlecal difficulties
invoived, lack of data on the anerodynamic characteristics
of sultabdle alr inlet and outlet openings and the quos-
tion of whother adequate nir flow could be maintained
wlithout lnrge dueting losses appear to have discouraged
submeried-ensine desizns.




Recent tests (reference 1) have shown that the exter—
nal drueg of a streamline fuselage with sultable nose-inlet
and tall-outlet openings is no higher than that of the
basic stroamline body. The critical compressibility speod
with these oponings was as hizh as that of the streamline
shapoe. The promising nature of these results prompted an
extonelon of the investigation to include the developmont
of a practicable internal systom to operate in conjunc-
tion with tho efficlent openings. The Zeneral arrangement
arrived at is shown in figure l. It was the principal
purpose of this investization to study the internal flow
charactoristices of this deosign. Force and prossure-dis-
tribution data were also obtalned in order to determine
tho exterral characteristics of the inlet and outlet onen-
inges tested and to corroborate the conclucslons of rofer-
ence 1,

STMBOLS
v free stream veloclty
po free gtream density
q free stream dynamic pressuroc, % Py ve

P donsity in duct

v mean voeloclty 1n duct

AH (frooc stroam total pressure) - (duct total pressure)
Q volumoe of flow through duct, cubic feet per second

F maximum cross~soctional aroa of fuselage, 0,595 eq 4%
A duct cross-—sectionnl nres

5 woettod area of duct

a veloclty of sound in gair

M  Maech number V/a

R fuselage Reynolds number, Iilgﬁﬁih—gi—igﬂglﬂsgl
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-- B . pressure coefficlent,. (P3,.a31 1w25tream)/g‘

ODF: effectlive fuselage drag coefficient,

- (drag of combination) -~ (drag of wing alone)
q¥ ’

effectlve area
2eomeétric area

.C area coefficlemt feor outlets,

ce turbulent-flow gkin friction coefflcient,

ﬁkin frictio%tsg £t
$p

v

APPARATUS AND METHODS

Tha NACA B-foob hijh-speed wind tunnel in which the
tests were carried oub im g single«return, clrcular-
section, closed-~throat tunnel. The alr speed is continu-
ously controllable from about 7?5 to 550 miles per hour.
The turdbulence of the alr stream as indicated by transi-
tlon measurements on airfoils is unusually low but sore-
ghnt hisgher than in free alr.

The fuselage models were supported dv a 15-inch-chord
airfoll of NACA 0012 gection rhich spanned the jet (fis.
2). The relatively larze interference drag of the high-
wing set-up was accepted in view of the convenlence of
this arrangement. A fillet similar to that emploved in
comblnation No. 143 of reference 2 was used. The wing
was sufficlently far removed from the various openings to
preclude the possibllity of moasuradle interference ef-
fects on the flow at the openings.

General Arrangement

The fuselages were designed around a 1000-horaepower.
48-inch-diameter ongine located at the maximum section,
A total-air requirement of 21,000 cubic feet per minute at
rated power was assumed. At a flight speed of 400 miles
per hour thls quantity of flow corresponds to a flow co-
efficient, Q/FV, of about 0,040. The models were de-
signed for this value of the flow coefficlent.




The fuselage design investigated (fig. 1) is consid-
ered the most »racticable, and the most efflclent from an
aerodynamic viewpolnt, of several posslible arrangements.
A pusher propeller was assumed because of the lmproved
propulslvre efficlency possible, and the resulting eimpli-
flcatlion of the installation of ar efflciont air inlet
opening and a forward-firing carnon. Alr from the nose
inlet is led on elther side of the pilot's cockpit through
twin exnanding channels vwhich rounite in front of the en-
€ine., A clear wldth of 27 inches wes allowed for the pi-
lot. Behind the engine the duct was necked down suffi-
clently to permit the installatlon of a biower necessary
for Zround cooling in an actual installation. Aft of the
blower station tho channel was divided and contracted to
form two partial-annular ocutlet openings.

External Shape

Streanline body.— The thicknessg distribution up to
the 24—irch station (fig. 3) was that of the modified NACA
111 streamline bocdy (reference 1). 4 fineness raotio of
6,35 was used irn deriving the ordinates. Behind the 24—
inch stpatior the shape of the bdody was governed by consid-~
eratione of space requirsments and propeller splnner size.
The fTineress ratio of the resulting streamline vody is
6.79, the lorgth being 79.95 inches and tae dlameter 10.44
inches.

dose l.- The design recomrmerdations of reference 1
were followed in developing *the lines of the noses. It
was found that an inlet onening 2.80 inches in diameter
(fig. 3) permitted a profile (derived from the data of
reference 1) similar to that of the streamline body, a
satlsfactory inlet veloelty ratio, and an efflclent duct
expansion to the area avallabie at the pllot!s station.
A cockpit enclosure which faired into the developed nose
profile (side view) at the 4.5-inch station was nddad.

Xose 2.~ In designing rose 2 (fig. 4) a sacrifice in
external shape was made 1n order to allow the use of
larger internal ducts and thereby to reduce the internal
losses. The profile ordinates were derived from the data
of refererce 1 for an inlet diameter of 3.50 inches and
merge with the cockpit enclosure fairing at the 2.50-inch
statlon,



- - Talla.~.The outlet-openingg were designed for applica-
tlon to the basic streamline afterbody shape.

Teil 1 (figs. 3 end 6) was an annular-outlet onening .
of conventional design. Tall 1-a (fig. 6) was a modifica-
tion of tall 1, in which the pody bshind the opening was
undercut as recommended in reference 1 to relleve the
static prorsure peak occurring with the conventional out-
let. Since 1t was shown 1n reference 1 that an outlet at
the tail might be suverior to the radial type, 1t was de-
clded to irclude two taill outlets in this investlgatlon
even though they could obviously not be used with a pushsr,
propeller. The externnl ehape of tall 2 wes ldentilcal
vith that of the streamline vody (fig. 4). Tall 2-a (figsa,
4 and 6) waes a cusped version of tall 2, dosizned accord-
ing to the recommendations of refererce 1l.

INTERFAL DUCT DESIGN

Data from references 7, 4, and 5, were applied 1ir de-
signing the internal flow eystem. The arems exvsnslons
elong tke rose ducts (npex engles of equlvalent cones),
and the veolocity distridbutionae for the design flow coeffi-
clent, G.740, nre ghovn 1in figure 7 for both noses.

Hoge 1.~ The dunct was made cylindrical for a siort
digtance behind the inlet in an effort to avold posaidle
intarfercnce offects betwcen the 1internal and exteraal
flowe. It was then dividod.into two l1dentical channels
(figs. 3 And 8) vhich exnended uniformly at an equivalont
angleo of 5.8° until tke 19-inch (pitlot's) station wns
roached. At thls voiznt tho mear veloclty (fig. 7) had
been decrensed from a wvalue of 0.56V at the inlet tc adout
0.19V. With the duct veloclity 2t thlie low value, a lecs
efflclient oxpansion angle could be employed with regligibdle
loss; an expansion of about 20° was reguired between the
19-inch azd maximur sections. A cylindrical fairing for
the orsine crankcase was mergod into the wall of tho pi-
lot's compnrtment (fig. 9). .

fiose 2.~ The inlet veloclty for nose 2 was 0.35V, a
value low enough to permit a relatively large exranalon
angle to be used efficlently near the inlet, due to the
natural spreading of the streamlines at low inlet wvelocity
ratlos. The results of reference 5 irdicated that an an-
gle of at least 10° could be employed for about 2 inchos



beuind the inlet (fig. 7). The area available at the 19-
inck station required a %.7° uniform exnanglon from tho 2-
inch station, nnd anproximeately a 177 expansior to theo
cylirdrical ongins section. (See figs. 4 and 8.)

Pails 1 and l—-g.- The chief consideratiors in divii-
ing and contracting the ducts legding to the annular oui-
lets (Tizs. 3 and 10) were to avoid sharp bends and ex-
tendcd regions of high velocity. The outlet areas were
calculatod fron estimates of the availsdle precsure drop
acrcss the internal system for tns deslgn flov coefficient.

Taiieg 2 and 2~a.—~ The duct area alt the dlower station
rans maisntslined to the 565-~inch station. Tho channol was
cylirdrical for 3 inches shond of the outlets. (See figs.
4 ard 10.)

Sinulated engine resigtance.- An oriflce plate purched
with 204 1/4-inch aoles was emplored to represeant a baf-
fled enzine nf conductence 0.10., Ar orifice coeifflcient

of 0.70 was used in designing the »pletes in view of tke

close gpacing of tae holes.

Plow and Prossure Meaosuromert

The rates of flow were measured by surveys of the to-
tal and statle pressure at the blcwer sectlon. A duilit-
in rake of 5 total-pressure tubes and a ring of 4 static-
pressure ~rifices spaced 90° apart around the duct rell
ware urcd fer this purprse. Gdeasuremonts of total pres-
sure were nlse nade at the 24.7- and ZQ-inch atatlinrs br
insertlng additlonal 5-%ube rakes lntoc tte Aucts from tase
outside of the model. Total-nressure trgverses at the out-
lets were made by means of sirgle adjustadle impact tudos.

Static—preseﬁre orifices over the top of the noses
and ccckinlt falrings wvere lnstelled to perclt the estins-
tior of eritlcal speeds. -Static pressures over the annu-
lar outlets were simlilarly measurcd to furnish additicnal
data on the outlet characteristics.

Soundary-Loyer Conditlons

It hag boen found necessary in ths B-font higi-speed
wind tuznol to fix the location of boundary-layer transi-
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tion near the nose of fuselaze models ii order "te secure
regults significent for hlgh Reyrolds number applicatlors.
This was accomplished by 1/4-inch-wide ringe of No. 50
carborundum grains glued to the surface at the 3/4-inch
station of noses 1 and 2 and at the corresponding station
on the streamlire nose. Aside from the carborundum strins,
the surfacos of the models (both external and irteransl)
were cerodyramically smooth and failr.

TESTS

Drng-force teets of the wing alone, of the strenmlino-
tody conbianrtion, and of a typiecal combination with inter-
zal flow, wore ecarried to 2 Nach number of 0,57 (abou: 510
rilss per heur). TFor thn other cordinations 1% was necos-
sary orly to obtaln drng comparisons st a modorrnte sveed.
A value of M of 2.30 was selected from consideration of
the force required for adequete precision of measurerent.
Actually, the tests were mecde at & sories of speeds dreclk-
eting the Acelred ilack rumber. The Znarce tosts wers nade
both with boundarr-layer trensitlicn “ixed necar the noese af
the nocdcle and with $trergition as 1% cccurred naturally on
tho gar.coth modelsn.

Phe stetic prossuro and izternal-flow roasureoronts
were nade neperately from the Force tests beecause ¢ she
necv-alty of running tke »nreesurc tubineg alorng +thc tnp of
the ring. Theso teeste wore rmade at a Mech numbor of awn-—
proxiretely 0.30.

Tuft survey rurcs were rnade Tor tae strearline bvody
(fi1xed transition) at speeds up to 260 niles per hour.

RESULTS

Taec recthod of comnhuting velocity, ¥ach runber, arcd
Reyneclds nunber in the B-fnct. high—~aspeed wind tunnel is
describod in referencs §. Corpresslbility effecte are in-
dlcated directly sinco the true, rather than the indlcated,
dyronic pressurc was used in conputing the coefficlernts.
The effective fuselage drag coefficient GDF includes the

unfavorable interferenco of tho hizh-wing arrarnzerert.



The rate of internal flow is expressed nondinension=-
ally in terrms nf the flow coefficient, Q/FV. The inter-
nal duct losses are shown in terms of tho strear dynaric
proa=sure because of tkhe significance of the rosulting pn-
ranever ian the irternal dreg equatior. As shown in rofer-
ence 1, tha intornal draz coefficiont denonds on the flovw
coafficient and the total head loss ae follows:

CDF(intornal) = 2Q/FV [1 - (1 - AE/q).%:!

Tho cffect nf dach runber on the drag coofficients of
the streamline tody and of the nose 1 - tall 1 combinaition
is shown in figure 11, The low drag values for the nat-
ural transition cozdition probadly could not e roalized
at flizht Reynoléds nurbers owing tn a ranid decrcase 1n
the extont of laminar flow aos the Reynolds nunmber i¢ in-
creased. For this rensorn 1t was felt rot worth while to
include in this romort the caturel transition resulte for
the otkher conbiznations. 1In Zenersl, the drag incrermonts
betweer the raturel and fixed transition corditliors ware
alnost 1dontical with those showr in figurec 11 fer ths
nosa 1 - $2il 1 combination. The drag data obtalned with
fizxed srancliion at a lLach nundboar of N.30D are Ziven in
table I tnzether with the flow ccefficients, over-all duct
lossoa, and intornal drag dnta for all of the conmtlnations
tcsted.

The restlte of tho external static prossure reasure-—
nents over tho noses ard anrular outlets are shewrn in fig-
uros 12 and 13, respectivoly. .

Ar analyels of the duct lossges for the nose 1 -~ tail 1
comblnation and for tae rose 2 ~ tall 2 combination ig siven
in fizures 14 and 15, resnectively.

Dne data shown 1n ths flgures and tables are given for
an anrgle of attack of zero desree only. 10 measurable
fuselage 4dreg lncrease was found through the test engle-~of-
attack ranze of -P° %o +3.50,

DISOUSSICT

Dreg Rpsults

Stregmline becdy.~ The tuft surveys showed excellent



flow conditions about the tail of the streemline body.
Near the tall of the fillet, however, there was a reglon
of disturbed flow. This unfavorable interference boatwesn
tke high wing and the body resulted in an effectlive drag
coefficlent for the body of 0.092 at the test Heynolds
number of 11,200,000 (¥ = 0.30). The reeults of refor-
ence 2 for e similar model arrangement (combination 143)
indicated a decrease in effective fuselage drag of 3% nar-—
coent betwren higch and mlidwlng arrangementa. Thus, A drasg
coefficlient of about 0.030 is irdicanted for the streamlline
body if the optimum nidwirg arrangement wore used. The
intorforonce offocts et the wing fillot wore loecal, ns was
domonstratcd by tuft survoyrs, nnd could have no moasurablec
influcneco on the canractoristics of the 1alet or outlet
oponings or tiao intornel fliow.

Criticerl spccdg.—- Tho proreuro cnofficionts ovor tho
leading 4-1/2 irchas of mnsc 1 nnd 2-1/2 inchos of nasc 2
(portiors of the noso profiles derived Zror tho shavos of
roforenco 1) woro low ard the gradieonts favoradle (fig.
12); thoso doslrablo characteriastics nro thc samo as indi-
cntod in reforcnce 1, 2ad the mothod of dorivation of tho
prcfiles for a #ivon inlot cize is thus vorificd. It is
shown in reference 1 tkat the criticanl speed of n strsonm-
line fuselsge erploying onerings of this silzoe nnd »nrofile
shnme 1s ns hizh as thot of tt-e basic stroamline body
vhich, for the sheape tested, 1s estimatod (refercnco 7) ns
M,p = G.37. The addition of cockpit fairings would rcduce

the criticnl Hack pumber to approximntely 0.77 (ecstimetod
by tho rmothcd of reference 7 from the peak pressures =hown
in fig. 12). Tho rapid incrensc in drag coefficiont notod
in the Force tosts at a Hach number of adout 0.60 (fig.
11) for all of the combinations, is attributed to the oc-—
currence oY the compressibility burdle at the wing filiet.
It 13 evident that ihe critical speed of fuselages emrlor-
ing tke nose 1 or nose 2 profiles will be fixed by sore
point of aigh local veloclty other than the noseo 1tself.
The importarce of careful design of the wing-fuselafe Junc-
ture is also apparent.

Dreg comnarisong.~ The cockpoit falring and the nose 1
inlet shape caused only small increases in drag above that
of the streamline body (table I, arrangements 1, 2, and 3).
With tke internal duct open, but with no iriernal flovw,
the drag was nbout the same as with She duct closed =t the
nose (arrangement 4), In comparirg the various nrrange—
ments with internal air flow (tabdle I), account must Do
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taken of the drag due to the internal as well as the exter-
nal flow. The external drag increment of a comblnation may
be obtalned by sudtracting the Iinternal drag increment from
the over-all drag increment. It wlll be scen that tho ex-
tecrnal drag for most of the combinations with intornal flow
wae loss thar the drag of the basic streoamline body. This
effect rosults from a benoficial action of the alr iniet
and outlet proceeses on the extornal flow and is dlscussed
nore fully ir reference 1.

Comparlsons of the external drag characteristlics of the
openings should be made at the same value of the flow coef-
ficlont owlng to a varlation with flow coefficlent of the
interference effects between external and internal flows.
Because the rate of flow varied somewhat for the varlous
arrangoements, it 1s possidle only to make qualltatlve com-
parisons by direct use of the test date given in table I.
However, the results obtained with and witiaout the simu-
lated engine roesistance provide a means of interpolating the
data to a gZiven flow coefficient. Thus, at the deslgn flow
coefficlent of 0.040 thec following comparison between noses
1 and 2 28 tested with tall 2-a (duct unobstructed) was odb-
talned:

Drag increments in percent of streamiine body drag

Intornal drag External drag Over-all drag
Nose 1 3.1 -4.,5 ~l.4
Nose 2 R 4 -1 1.6

It i3 seen that the nose 1 arrangement 1s the better of
the two ir spite of the higher ducting losses.

The following order of merit was obtalned for the four
outlets in comblnation with nose 1, corrected to s flow co-
efficient of 0.040:

Outlet External drag increment, percent
1 -0.2
l-a . =3.5
2 - -1.0

2"'8- —4.5
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The interndl dregs were approximetely the same for all of
the outlats. .

The drag increments shown above and in table I were
based on the streamline body dreg for the high-wing set-up
(n.792). 1If the optimum midwing arrangement were used,
the increments would be increased by about 50 percent, ow-
Ing to » decrease 1in drag of the baslc streamline body to
about 0.7260. .

¥ot only was the external drax less for the modifled
outlets, but the rate of flow for a given outlet area was
considerably increased. (Cf. arrangements 5 and 7, 8 and
9, table I.) Ares coefficients showing the effectiveness
of the outlets and weeful for design purposes were derived
a8 rollows:

" offoctive outlet area Aory
" goometric outlet area Ay

The effective area, as a fraction of tho meximum sec-
tion areca, is glven by

e Q, .
= ———e S r t
7 Fv, (Subscript , refers to ou let)

Since Q; 1s krown, it remains to compute v, from

Bernoulli's equation for the internal flow in order to de-—
termine A_pp. Assuming that free-stream total pressure

i1s avallable at the inlet, that the density at the cutlet
i1s decreased due to the sddition of heat, and neglecting
gsecond-order sffects,

"1 = \p, R 1)

in which P, 18 the pressure coefflicleant obtalning at the

outlet station with the gpening faired over. Then the of-
fective area is

b 8 (23 1
TR/ (3 - am,/q - By

and



12

ST Gy eyt L
¢ = A (E$> (P:) (1 - AHy/q - P1)i

For deelgn purposes the geometric outlet area may de
computed from~

e @) —

- ﬂHl/q '.Pl)i'

The last equation shows that for constant mass Tlow
the outlet aree required derends on the density ratio
(i.2., on the arouat of hreat added tc the internal flow)
as rell as on tke available prossure drop across the in-
ternal srstem. Tho vaiues of C obtained for the outlets
tested with both noses end the wvalues of P, used in

their conputation are as follows:

Ontlet P, v
1 -0.055 0.91
l-a ~. 055 .93
2 .050 .84
2—a ) .050 .26

These cutlet coeificlents, &8 may be seen fronm the
methcd of derivatlon, indicate the combined effects of the
shape cf the openings and the interference between 1lnter-
nal and sxternal flows. The hligh values of the coeflfi-
clents for the modified outlet skapes are compatlble with
the low external drafs obtalned with these saapes.

Detalles of the arnular outlet operlings and ths pres-
sure distributiorns obtained are shown in figure 13. It 1sg
seen thnt nlthough tall l-a resulted in o consideradle im-
provement, further undercutting is desired to reduce the
prossures to the values obtaining with the outlet faired.
A further modlfication of the contour designed to achlieve
the dosired result 1s shown,

These ocaslderations of relativo external drag, area
coefrficiont, ard pressure distridution, fully conflrm the
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conclusions of referonce 1 regarding the optimum outlet
ovsning shepes.

- Internal-Flow Characterlistics

Cver=gll losses.~ In compering the internal dnct char-
actoristics it should be borne in mind that the total pres-
sure¢ loss vgrids approximately as the square of tha flow
coefficicnt, and the internal drag approximately as the
cubo of the flow coofflclent. ZExact coaparieons of the
interral arraxgements must the-efore be made at a gliven
flow coefficliernt. Comparing arrangements 7 azd 14 (tabdle
I) which have about the same flow coefficlents, 1t 1s
seen tha’ tke over-all ianternal loas with nose 1l waa about
twice that with noses 2. ™Le effect of a sharv-edged gun
at the nose 1 inlet was to add adbous 22 nercent to the in-
ternal ¢éuct lomses. (C#. arrangements 5 ard 5, tadle I.)

It has beon pointed out vproviously that the inteornal
drag due to the total ducting losees at the design fiow
coefficient was only 3.1l vnercent with ncsse 1 and 1.7 per-
cent —with noss 2 (correspnnding to nver-alil duct losnmes of
C.270 2nd 0.038, respectively). The mwagnitude of these
losges may be considered neglizibhle in comparison with the
actual conoling loss, particularly in view of the apnreci-
able cdecresses in ex‘ernal drag which accompany the iL ar-—
nal -1 low.

In conrection with the simulated cooling loss 1%
should be pointed out that 1n these tosts all of the in-
ternal alr flow passed through the engine rosistanco
wherens 1n an adtual installation a large part of the air
would De diverted to ths carburotor. The internsl drasgs
,8hown ir table I for arrangements 10, 11, 12, 16, ard 17
aro therefore higher. than- would actually bPe incurred nt
the design- speed of 400 -mlles per hour. The pressure drop
acrosgs the ongine resistance in the- tests corroesponds to
about 66 pounds per squaro-foot at 400 miles per hour,

) Analvaia gis_of lggggg.— The losses throushout the inter-
nal’ svetems wers computed .on the basis of existing inter-
nal flow data in order to ald in analyziag the measured
losses. BReferences 3, 4, and 5- were used in estimatirg
the bond and exbanaion losases. Owing to the relatively
larie proportion of wetted aroca to cross~sectional ares in
the deslgns omployed,:  skin friction lo#ses were an apore-—
.clable fraction of the total losses. The skirn friction
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losses worp computed as follows by equating the summation
of the local energy losses to the total enerly loss:

p
z 5 v3 ey 48 = QAHprsction

or
a
82 (friction) = 42.0 % (Z) ¢, @3
q v
whore
L - o.0
T . 040
p = P°
7
?. from figure 7

cgs, from von Kfrman turbulent boundary-
layer theory for the local duct
Reynolds numbers

The results of the duct-loss calculatlons are shown
in figures 14 and 15 together with the measured losses
(corrected to Q/FV = 0.040). The a3reement between the
megsured and computed total losses at the various stations
i1s satisfactory. In general, the calculated losses are
somewhat nigher than ths measured values. This 1s proba-
bly due to the fact that the bend and exvansion losses,
es obteined from the varlous references, include soms fric-
tion losses. In eddition, a favorable scale effect (ref-
eroence 8) may have slightly reduced the measured losses.

In order to determine whether the assunmption of a tur-
bulent boundary layer was Justified in computing the duct
skxin-friction loeses, a run was made with = 1/2-inch wilde
strlip of Fo. 60 carborundum around the wall of tke duct
1-1/2 inches back from the nose. This modification result-
ed i1n no ircrease in internal loss, thus indicating that
no appreclable laminar flow existed.

A study of figures 7, 14, and 15 wlll emphasize the
importance of keeplng the duct velocitles low, since nearly
all of the losses occurred at stations where the velocity
was greater than 0.25V. Care shnuld be taken to avold ox-
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tended regions of high velocity near the outlets. The
cylindrical section ahead of the tall 2 and 2-a outlets,
- for .example, 1s congidered longer than necessary.

Apvarently no unexpscted bend or expansiopn losses oc-
curred. HNo messurable entrance loss existed, and no flow
pulsations could be detected.

1-485

Tke loss across the simulated englne resistance azrees
well with the computed values (figs. 14 and 15) and corre-—
sponde to a conductance of 0,108 as compared with the de-~
slgn value of 0.100. The resistance plate caused no meas-
urable changes in the characteristics of the internal flow
near b¥e.

The total-pressure surveys at all of the statlions 1n-
vestigated showecd that the éistribution of total pressure
acrons the channels was eatisfactorily uniform. To within
1/8 inch from the walls the total prersure was never more
than 0.02q different from the mean velue.

COICLUSIONS

l. The eir requlrenents of a vower plant submerged
near theo nmaxinmum section of a2 gtroamline fuselage cnn be
met with negligible Auctirg losses provided the fundarccn-—
tals of efficiont duct design nre followed.

2. The effect of alr inlet at the nose and cutlet at
the tnll is beneficinl to the externanl flow. Owlng to
thig e“fect, the over—all drag of the best arrangement
tested without sirmulnted engine resistance dut with ade-
qunte internal flow for the 400-milo-per-hcur conditlon
was less thon the drag of the basic streamline body.

3. Because of the low locnl velocltles over the nose
shapes tested, the critical conpressidbility speed of the
fuselage would be deterrined by the cockplt falrlng or the
wing-fuselage Juncture rather than bv the nose shape.

b —— - -

4. The duct losses can be computed with sufflcient
eccuracy for design purposes. No unexpected entrance
lossog cr flow pulsations were apparent.

5. The conclusiors of reference 1 regardling tho op-
timum shapes of outlet openings were corroborated.

Langley Memorial Aeronautical Ladboratory,
National Advisory Commlittee for Aeroncutics,
Longley Fleld, Vae.
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Figure 2.

General view of set-up in &-foot high speed wind tunnel.
Nose 1 with gun .
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‘Figure 9.- Duct detalls showing crankcase fairing.
Wall cut &t 33.5-inch station. Noge 1.

Figure 6.~ Comparison of external
of tails l-a and 3Z-a.

Figure 8.~ Comparigon of internal ducts.
Nose 1 (bottom) and nose 3.
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Figure 13.- Details of radial outlet opemings and pressure distributions for Q/FV=0.042.




Figura 10.

Comparison of internal ducts.
Tail 1-a (bottom) and tail 2-a
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Internal flow characteristics were determined, and drag force and pressure distribution data were
obtained for a practical internal duct arrangement designed to meet the requirements of a 1000 hp
radial engine submerged in the main fuselage section. Results showed that the required internal flow’
can be obtained with negligible ducting losses provided that the basic principles are observed in
designing. Drag increases measured with internal flow were less than drag caused by internal losses.
Over-all drag was less than drag of a stream line body of s }nllar size.
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